This paper investigates how the AMU Deviation Indicators for surveillance measurements among East Asian currencies are improved by changing their benchmark rates from the constant rates in 2000-2001 to time-varying rates based on their Purchasing Power Parities (PPPs). The Consumer Price Indexes (CPIs) are used to calculate their PPPs as a time-varying benchmark for the AMU Deviation Indicators. Because the CPIs include prices of non-tradable goods, the PPPs based on the CPIs have a problem related with the Balassa-Samuelson effect. For the reason, the PPPs adjusted by the Balassa-Samuelson effect should be used to calculate the AMU Deviation Indicators when the CPIs are used as price data. This paper compares the two types of the PPP-based AMU Deviation Indicators and the PPP-based AMU Deviation Indicators adjusted by the Balassa-Samuelson effect. We conclude that both the PPPbased AMU Deviation Indicators and the PPP-based AMU Deviation Indicators adjusted by the Balassa-Samuelson effect are also useful in making surveillance over overvaluation or undervaluation of the intra-regional exchange rates of East Asian currencies.
Introduction
In the aftermath of the East Asian currency and financial crisis in 1997, the need for surveillance over intra-regional exchange rates among East Asian currencies for crisis prevention has been propounded by some policymakers and scholars. Among the propositions, in order to strengthen the regional monetary cooperation in East Asia, the Chiang Mai Initiative (CMI) was established by the members of ASEAN, Japan, China and Korea (ASEAN+3). Under the CMI, the monetary authorities have developed a cooperative relationship in the field of bilateral and multilateral currency swap arrangements. At the same time, in order to make surveillance over macroeconomic performance of each member country of ASEAN+3, the Economic Review and Policy Dialogue (ERPD) was executed at the Finance Deputy Ministers Meeting of ASEAN+3.
However, the CMI is an agreement that was arranged for the purpose of managing a crisis. Therefore, it may be useful once a currency crisis happens. On one hand, the ERPD is a surveillance system only focusing on the performance of each country's macroeconomic variables such as GDP and inflation rate. To prevent a currency crisis in the future and enhance surveillance within ASEAN+3, it is necessary to incorporate intra-regional exchange rates into the surveillance process, and the monetary authorities are expected to establish a surveillance system to monitor fluctuations and misalignments of each currency of ASEAN+3.
In the context of the increasing needs for coordination of exchange rate policies among East Asian countries, Ogawa and Shimizu (2005, 2006a) have proposed a new surveillance measurement called the Asian Monetary Unit (AMU). The AMU is calculated by the same method used to calculate the European Currency Unit (ECU).
AMU Deviation Indicators of component currencies of the AMU are useful for monitoring deviations of East Asian currencies from the benchmark rate. The AMU Deviation Indicators include two types, namely, the Nominal AMU Deviation Indicator and the Real AMU Deviation Indicator, depending on their purposes.
On the basis of previous studies about the AMU and the AMU Deviation
Indicators, we point out that the benchmark rate should be not constant but varying over time especially for currencies of East Asian countries with higher productivity growth.
We improve the AMU Deviation Indicators by changing the benchmark rate from a constant rate into a time-varying rate based on the Purchasing Power Parity (PPP). The Thus, we also calculate the Balassa-Samuelson effect on each currency in order to eliminate the Balassa-Samuelson effect from the benchmark rate based on the PPP. We compare the two types of the AMU Deviation Indicators based on the PPP and the PPP adjusted by the Balassa-Samuelson effect. Our comparisons between both of them have a result that the PPP-based AMU Deviation Indicator and the PPP-based AMU Deviation Indicator adjusted by the Balassa-Samuelson effect can be used as subsidiary indexes to complement the original AMU Deviation Indicators. This paper has the following contents. In section 2, we will begin by reviewing the advanced research about the AMU and the AMU Deviation Indicators. In section 3, we estimate the AMU Deviation Indicator by using the benchmark rate which is calculated by the PPP. In section 4, a simple model which is used to explain the Balassa-Samuelson effect will be clarified. The Balassa-Samuelson effect of each country of the ASEAN6+3 will be calculated according to the model. We use the results to indicate impacts of each variable on the calculation of the Balassa-Samuelson effect. The PPPbased AMU Deviation Indicator adjusted by the Balassa-Samuelson effect will be worked out at last. In section 5, we conclude that it is a useful way to use the revised AMU Deviation Indicators as well as the original AMU Deviation Indicators to strengthen the regional monetary cooperation within ASEAN+3.
Asian Monetary Unit and AMU Deviation Indicators
In terms of a common currency basket in East Asia, which is expected to enforce surveillance over intra-regional exchange rates, it is believed that the monitoring effort within the framework of ASEAN+3 is the most efficient. Ogawa and Shimizu (2005) advocated a new type of currency basket called the Asian Monetary Unit that is a weighted average of the currencies of ASEAN+3. The AMU is calculated by the same method used to calculate the European Currency Unit (ECU) under the European Monetary System (EMS) prior to the introduction of the euro in 1999. Weights on each currency in the currency basket is based on the share of GDP measured in terms of PPP and trade volumes (the sum of exports and imports), which respectively is the proportion of one country to the others. Since both the United States and the EU are important trading partners of ASEAN+3, the official exchange rate of the AMU is set up in terms of a weighted average of the U.S. dollar and the euro. On the basis of the East Asian countries' trade volumes with the United States and the euro-zone, the weights of the U.S. dollar and the euro are set 65% and 35%, respectively.
It is necessary to determine a benchmark in order to calculate the AMU Deviation Indicators from the benchmark period level. Depending on the comparisons of the total trade balance of the member countries, the total trade balance of the member countries with Japan, and the total trade balance of the member countries with the rest of world, which a period relatively close to zero is selected as the benchmark period. Also, the benchmark exchange rate is selected with reference to the most balanced period of trading. On the basis of trade accounts of ASEAN+3 from the beginning of the 1990s until recently, the trade accounts of the 13 countries were closest to balance in 2001. The share and the weight on each country in the AMU were revised in October 2011. 2 N.C. stands for National Currency.
The Nominal AMU Deviation Indicator is expected to act as an index for each country to monitor the volatility of foreign exchange rates on a daily basis. If the Nominal AMU Deviation Indicator is positive, the value of the currency is overvalued.
On one hand, if the Nominal AMU Deviation Indicator is negative, the value of the currency is undervalued.
In contrast, a Real AMU Deviation Indicator is more appropriate for conducting surveillance of the effects of foreign exchange rates on the real economy which includes international trade and trade balances. The Real AMU Deviation Indicator is calculated by taking into account inflation rate differentials. It can be worked out according to the following equation:
where AMU P  is the inflation rate in ASEAN+3 and i P  is the inflation rate of country i .
In summary, the Nominal AMU Deviation Indicator is more useful in monitoring the intra-regional exchange rates in terms of frequency and time lag. In contrast, the Real AMU Deviation Indicator is more effective in investigating the effects of exchange rates on real economic variables such as trade volumes or real GDP.
PPP-based AMU Deviation Indicator
Both the Nominal and Real AMU Deviation Indicators are expected to be used as complementary measures for the surveillance over intra-regional exchange rates among might not be sufficient to observe foreign exchange rate conditions of each country appropriately. Therefore, it is necessary to take into account equilibrium exchange rates or the PPP to observe the changes in exchange rates within ASEAN+3 adequately.
Furthermore, it is also important to strengthen the functions of the AMU Deviation Indicators because the AMU Deviation Indicators play an important role in 
PPP-based AMU Deviation Indicator Adjusted by the Balassa-Samuelson
Effect
4-1. The Balassa-Samuelson Effects on ASEAN6+3
Due to data constraints that only the CPI is available across the countries, the CPI is used in the calculation of the AMU Deviation Indicator. There are some possibilities that the PPP of each currency diverges from an exchange rate that the law of one price holds especially for tradable goods because the CPI includes not only prices of tradable goods but also those of non-tradable goods. The PPP-based AMU Deviation Indicator is modified after we clarify a problem of the divergences between the PPP calculated by data on the CPI and the exchange rate based on the law of one price for tradable goods.
In general, a growth rate of productivity in the tradable good sectors is higher than that of the non-tradable good sectors. In the situation, inflation rates in prices of the tradable goods tend to be lower than those of the non-tradable goods. Therefore, the PPP-based on the CPI differs from the exchange rate based on the law of one price for the tradable goods. The difference between them is known as the Balassa-Samuelson effect.
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A simple model is used to explain the Balassa-Samuelson effect according to Ogawa and Sakane (2006) . Under an assumption of two countries (home and foreign countries) both of them have a tradable good sector ( T ) and a non-tradable good sector Moreover, by substituting equations (4-1) to (4-4) and (4-7) into equation (4-9) and taking logarithm of the derived equation, equation (4-9) is rewritten as following:
(4-10)
By making differentiation of equation (4.10), the PPP is expressed in terms of the rate of change as following:
According to equation (4-11),
. That is, the PPP is changing to be undervalued compared with the exchange rate based on the law of one price. On one hand, PPP S  is
. In this case, the PPP is changing to be overvalued compared with the exchange rate based on the law of one price.
Specifically, in the case where a country has a higher growth rate of productivity in the tradable good sectors, the PPP has a tendency to be undervalued compared with the exchange rate based on the law of one price.
4-2. Data
The above simple model is used to conduct a simulation of the PPP based AMU 
4-3. Empirical Results of the Balassa-Samuelson Effect
In general, if a country has a higher growth rate of productivity in the tradable good sectors, its currency's PPP calculated by the CPIs tends to be undervalued compared with the exchange rate based on the law of one price of tradable goods. As shown in equation (4-11), the weight on the non-tradable good sector as well as growth rates of productivities is also a key factor on determining the Balassa-Samuelson effect.
The simulation results show that there is a tendency that growth rates of productivity in the tradable good sectors are increasing during the analytical period excluding 2009 for most countries of ASEAN6+3. It might be said that the PPPs are undervalued with respect to the growth rate of productivity in the tradable good sectors for most countries of ASEAN6+3.
The Balassa-Samuelson effect on each currency is affected not only by differentials in the growth rates of productivities but also by the changing weight on the non-tradable good sectors. It means that changes in the industrial structure are an important factor in considering the Balassa-Samuelson effect within the area of ASEAN6+3. Thus, the Balassa-Samuelson effect is much affected by the variables of the relevant country in the case of a country that has a larger weight in the non-tradable good sectors than the AMU area like Singapore. On one hand, it seems that the rates of change of the Balassa-Samuelson effects tend to be negative and the currency tends to be overvalued in the case of a country that the growth rate of productivity is higher than the AMU area while the weight on the non-tradable good sectors is smaller than the 12 AMU area like China and Vietnam. The detail of the simulation results are as following.
(1) Japan
In Japan, the growth rates of productivity both the tradable good sectors and the non-tradable good sectors have fallen into a sluggish pace especially from the end of 2008 to 2010. The growth rate of productivity in the tradable good sectors is relatively higher than that of the non-tradable good sectors. For the reason, it might be considered that the PPP of the Japanese yen is undervalued. On one hand, the growth rate of productivity in the tradable good sectors is higher than that in the non-tradable good sectors in the AMU area. Accordingly, a differential in the growth rates of productivity is positive in the AMU area. When we compare the differentials in growth rates of productivity between Japan and the AMU area, we can find that the growth rates of productivity in Japan are smaller than those in the AMU area in many years. When we focus on weights in Japan and the AMU area, it can be said that the rate of change of the Balassa-Samuelson effect of the Japanese yen is not only influenced by the domestic factors of Japan but also factors of the AMU area. Accordingly, the rate of change of the PPP of Japanese yen was undervalued before 2004, and then it has turned to be overvalued.
( 
(3) Korea
In Korea, the growth rates of productivity both the tradable good sectors and the non-tradable good sectors have kept increasing in the last ten years, excluding 2008 and 2009. Based on the growth rate of productivity in the tradable good sectors is higher than the non-tradable good sectors, it might be said that the PPP of Korean won is undervalued from the aspects of domestic economy. However, the weight on the nontradable good sectors has decreased since 2000 though it is still higher than the AMU area. By comparing differentials in the growth rates of productivity between Korea and the AMU area, there is a tendency that differentials in the growth rate of productivity in Korea are higher than those in the AMU area. Because of the greater weight on the nontradable good sectors and the higher differentials in growth rate of productivity in Korea, the rate of change of the Balassa-Samuelson effect of the Korean won is consistently positive. It means that the rate of change of the PPP of Korean won is undervalued.
(4) Singapore
As a member of the newly industrializing economies, Singapore had a positive growth rate of productivity in the tradable good sectors before 2008. Furthermore, since
Singapore is one of the world's major financial centers, the growth rate of productivity in the non-tradable good sectors is also kept at a steady level. Because the differentials in growth rates of productivity between the tradable good sectors and the non-tradable good sectors tend to be positive, it seems that the PPP of Singapore dollar is undervalued from the viewpoint of domestic factor. The weight on the non-tradable good sectors in Singapore is larger than that in the AMU area. When we compare the differentials in growth rates of productivity between Singapore and the AMU area, the differential in Singapore is also larger than that the AMU area during most of analytical period. Because of the larger weight on the non-tradable good sectors and the larger differentials in growth rates of productivity in Singapore, the rate of change of the Balassa-Samuelson effect of the Singapore dollar tends to be positive. It means that the rate of change of the PPP of Singapore dollar is undervalued within the framework of AMU.
(5) Indonesia
Indonesia has no tendency to show both the growth rates of productivity of the tradable good sectors and the non-tradable good sectors. However, the differential in growth rates of productivity in Indonesia tends to be near zero or negative. It means that the PPP of Indonesian rupiah might be overvalued. Although the weight on non-tradable good sectors was smaller than 50% at the beginning of 2000, it has reached a level at 55% in 2010. Based on the changes of weight in the non-tradable good sectors, it can be said that the main industries of Indonesia have shifted from the tradable good sectors to the non-tradable good sectors. On one hand, when we compare the differential in growth rates of productivity between Indonesia and the AMU area, the differential in growth rate of productivity in Indonesia is smaller than the AMU area during most of analytical period. For the reasons, the rate of change of the Balassa-Samuelson effect of the Indonesian rupiah has a tendency to be negative. It means that the rate of change of the PPP of Indonesian rupiah is overvalued.
(6) Thailand
In Thailand, both the growth rates of productivity of the tradable good sectors and the non-tradable good sectors have kept increasing during most of analytical period. The differential in growth rates of productivity also tends to be positive. Thus, the domestic factor might cause undervaluation of the PPP of Thai baht. The weight on the nontradable good sectors in Thailand is around 50% and smaller than that in the AMU area.
When we compare the differential in growth rate of productivity in Thailand with that in the AMU area, the differentials have varied from year to year. Because the weight on the non-tradable good sectors in the AMU area is around 60%, the rate of change of the Vietnamese dong is undervalued in most years of the analytical period.
(9) The Philippines
In the Philippines, both the growth rates of productivity in the tradable good sectors and the non-tradable good sectors are increasing during most of analytical period.
However, the growth rate of the tradable good sectors is not as high as that of the nontradable good sectors. Therefore, it might be regarded that the PPP of Philippine peso is overvalued because of the domestic factors. On one hand, the weight on the nontradable good sectors has grown since 2000. The weights have been close to each other between the Philippines and the AMU area in recent years. As mentioned above, the growth rate of productivity in the tradable good sectors of the Philippines was lower than the non-tradable good sectors before 2005. Accordingly, the differential in the growth rates of productivity was negative. The differential in the growth rates of productivity has turned into being positive because of an uptrend of productivity in the tradable good sectors since 2006. Furthermore, because the differential in the growth rate of productivity in the Philippines is smaller than the AMU area, the rate of change of the Balassa-Samuelson effect on the Philippine peso tends to be negative. It means that the rate of change of the PPP of Philippine peso is overvalued in many of observing years.
4-4. PPP-based AMU Deviation Indicator adjusted by the Balassa-Samuelson effect
As previously mentioned, the benchmark rate of the PPP-based AMU Deviation where Actual S is the actual exchange rate in terms of the AMU per national currency, and LOP S is the benchmark exchange rate on the law of one price. Equation (4-12) can be expressed in terms of logarithm: Currencies of Inflationary countries tend to be overvalued while a currency of deflationary country tends to be undervalued. 9
However, figure 4-3 shows that the PPP-based AMU Deviation Indicator adjusted by the Balassa-Samuelson effect has a tendency to be undervalued for the Japanese yen, the Chinese yuan, and the Malaysian ringgit while it has a tendency to be overvalued for the Korean won, the Indonesian rupiah, the Thai baht, the Vietnamese dong and the Philippine peso. Regarding the fluctuation of the PPP-based AMU Deviation Indicator adjusted by the Balassa-Samuelson effect, it can be said that the asymmetric diversity on the foreign exchange rate within the AMU area is still an important issue on the process of regional monetary cooperation in East Asia.
Comparison of the analytical results
among the countries makes it clear that there is a disparity between the PPP-based AMU Deviation Indicator and the PPP-based AMU Deviation Indicator adjusted by the Balassa-Samuelson effect.
Conclusion
This paper investigated how the AMU Deviation Indicator should be revised by the intra-regional exchange rates should be an important factor in the regional monetary cooperation in East Asia after we have experienced currency turmoil in the global financial crisis and the European fiscal crisis as well as the Asian currency crisis. International Financial Statistics (IMF).
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